ABSTRACT: This study was carried out during 2012 and 2013 seasons at the experimental farm of Medicinal and Aromatic Plants Research Department in El-Kanater El-Khairia. The investigation aimed to study the effect of irrigation at 25, 50 and 100% from field capacity (FC) combined with diatomaceous earth (DDM) at 0, 2 and 4 g/10 kg soil in order to regulate water irrigation and to study their effect on vegetative growth and volatile oil production of spearmint plants (Mentha viridis L.). The obtained results are summarized as follows: in all cuts in the two seasons, the plants received DDM at 4 g/10 kg soil + 100% FC, showed stimulation in growth characters, i.e plant height, branching, fresh and dry weights of spearmint plants. Although the highest volatile oil percentage/plant through the two seasons was achieved when the plants were treated with 25% and 50% FC but the volatile oil yield was the highest at 4 g DDM /10 kg soil + 100% FC. The highest percentage of Carvone (the main component of the volatile oil) was produced with 4 g DDM/10 kg soil +100% FC. Proline content was decreased with increasing irrigation and diatomaceous earth rate, this refers to response of mint plants to treated by diatomaceous earth with the irrigation at 50% or 100% FC and not exposed to stress at 25% FC compared to the control (the highest proline content).
INTRODUCTION
Medicinal and aromatic plants have a major role in agriculture and industry. They are the main source of safety drugs and row substances used in manufacturing of pharmaceuticals.
Spearmint (Mentha viridis L), belongs to family Lamiaceae (Labiatae), its leaves and essential oil are used as carminative, antimicrobial and anti-inflammatory (Poiata et al., 2006) , as antioxidant, popular flavoring and beverage (Bichra et al., 2013) .
Water is a fundamentally important component for metabolism of all living organisms, facilitating many vital biological reactions by being a solvent, a transport medium, an evaporative coolant and providing the energy necessary to drive photosystem reaction center through water autolysis (Mundree et al., 2002) .
Water stress usually causes a decrease in plant growth criteria and crop production. It causes changes of chlorophyll component contents and damage of photosynthesis apparatus. It also inhibits the photo-chemical activities of calvin cycle enzymes. Faraz Ahmed et al. (2007) on Triticumae stivum L. and Abdalla and El-khoshiban (2007) reported that water stress increased the growth of roots but decreased those of shoots, number of leaves, fresh and dry weights of shoots and roots. Also, several workers showed that water stress reduced the amounts of auxins, gibberellins and cytokinins, while it reversibly raised ABA and secondary metabolites (Nan et al., 2002) . Diatomites (DDM) are naturally occurring sedimentary rock primarily composed of fossilized remains of fresh water diatoms. It is chemically composed of SiO 2 (86-89%) in a soluble form available to plant and small amount of trace elements. It is considered as long-lasting recyclable, reusable (do not breaking or decompose like other growing mediums and thus economic) and environmentally friendly soil fertilizer and enhancer. Its beneficial effect was emphasized by (kruger, 2006 , Jessen, 2007 and Abdalla, 2009 as follows:
1. Improve the physical structure of soil by breaking up heavy based soil and retaining moisture in light or sandy soil for longer period (hold up to 200% of its weight in water) without interfering with soil chemistry. 2. It minimizes leaching and run off water and nutrients thus reducing watering significantly. 3. Insulates, aerates, promotes capillary action and slowly release soluble silica to the plants as required due to its high absorbency and lateral water movement ability. 4. It enables oxygen to penetrate the plant roots zone without any difficulty acquire self resistance against abiotic stresses. 5. Moreover, diatomite is used as natural physically insecticide.
Recently, numerous studies have demonstrated that silicon is one of the important elements for the plants and plays an important role in tolerance of plants to environmental, stress heavy metal and biotic stress (Gong et al., 2005 and Tahir et al., 2006) . With respect to water stress, relevant work is limited. Silicon (DDM contain 86-89% of SiO 2 ) is known to increase drought tolerance in plants by maintaining plant water balance and photosynthetic activity (Hattor et al., 2005) . Faraz Ahmed et al. (2007) reported that increased levels of Si (50-150 g/kg soil) significantly increased plant biomass, plant weights and dry matter production under water stress (50%) of field capacity. Si fertilization increases crop yield and quality and thus insures high production under severe biotic and abiotic stresses (Hou et al., 2006) .
The present investigation was conducted to study the effect of irrigation treatments combined with DDM on growth, yield and essential oil production of Mentha viridis plants. Diatomite (DDM) was added to pots at the rates of 0, 1, 2 and 4 g/10 Kg soil. The application of diatomite was divided into four doses, the first and the second doses was after 30 and 45 days from transplanting. The third one was applied after the first cut and the fourth after 15 days from the third doses.
MATERIALS AND METHODS
The plants were harvested twice, the first cut was on 15 th May, and the second one on 15 th July in both seasons.
3-Experiment layout:
The experiment layout was designed in split plots, with 12 treatments, (each treatment was replicated 3 times and each replicate consisted of 10 pots (1 plant/pot)).
Irrigation treatments occupied the main plots, while diatomite treatments were arranged in subplots. The statistical analysis was conducted according to Snedecor and Cochran (1980) .
4-Data recorded:
The following data were recorded 1. Plant height (cm) and number of branches/plant.
2. Herb fresh and dry weights (g/plant) of aerial parts.
3. Volatile oil percentage was determined in dry herb according to the British Pharmacopeia (1963) .
4. Volatile oil yield (ml/plant) = herb dry weight per plant × oil % in dry herb.
5. GLC analysis of essential oil: volatile oil samples were taken from the oil obtained in the second cut of the second season and were analyzed using gas liquid chromatography (GLC), to determine their constituents according to the methods described by Bunzen et al. (1969) and Hoftman (1967) .
6. Proline content in dry leaves was determined according to Bates et al. (1973) .
RESULTS AND DISSCUTION
1-Plant height and number of branches/plant: Table ( 1) indicated that, irrigation treatments and diatomaceous earth had a significant effect on both plant height and number of branches/plant in both seasons.
It could be noticed that the tallest plants in the first and second seasons at the two cuts were recorded when the plants were irrigated at 100% of the field capacity (FC) giving 43.03 and 39.04 cm at first and second cuts in the first season, respectively. The same trend was observed in the second Table 1 Regarding the interaction between the irrigation and diatomite treatments on plant height, it was clear from data in Table (1) that there were insignificant differences on plant height at the two cuts in both seasons.
The same trend was observed in number of branches, the greatest number of branches was recorded when the plants were irrigated at 100% FC giving 18.04 and 15.97 branches/plant in the first and second cuts of the first season, respectively. Also in the second season, the recorded values were 23.79 and 21.41 branches/plant at the first and second cuts, respectively.
Concerning the effect of diatomaceous earth (DDM) on number of branches, results presented in Table ( 1) showed that, the highest values of the first season were obtained when spearmint plants were treated with (DDM) at 4g/10 kg soil giving 16.72 and 13.04 branches/plant at the first and second cuts and 21.68 and 17.74 in the second season at first and second cuts, respectively. The lowest values 10.32 and 9.22 branches/plant were obtained from untreated plants in the first season at first and second cuts. In the second season the values were 13.90 and 12.89 branches/plant at first and second cuts, respectively. These results are in accordance with those reported by Abbaszadeh et al. (2008) on mint. These results may be due to diatomaceous earth (DDM), being mostly chemically composed of SiO 2 (82-89%), it is considered as a fertilizer and multifunctional purposes as well as beneficial effects in both soil and plants (Kruger, 2006) . Si has been generally recognized to have a beneficial role in stimulating the various forms of growth and the biochemical contents of many plant species (Matichenkov and Kosobrukhov, 2004 and Hull, 2004) .
Concerning the effect of interactions on number of branches/plant the results showed insignificant differences in the first season at the two cuts and in the second season at the first cut. The highest number of branches/plant was recorded in the second season at the second cut when the plants were irrigated at 100% FC and applied with DDM at 4 g/10 Kg soil, while the lowest value (6.78 branches/plant) was produced with the second cut in the second season, was recorded when the plants were irrigated at 25% FC and untreated DDM. These results are in harmony with the results obtained by Savant and Sawant (1995) and Liang et al. (2007) .
2-Herb fresh and dry weights of aerial parts:
Data in Table ( 2) indicated that increasing the rates of irrigation from 25%, 50% up to 100% FC resulted in significant increases in fresh and dry weights of aerial parts in both cuts in the two seasons. The highest fresh and dry weights/plant were recorded when spearmint plants were irrigated at 100% FC. These results are in agreement with Abdalla (2011) on Lupinus albus.
As for the effect of diatomaceous earth on the fresh and dry weights of spearmint plants, it is clear that the highest rate of diatomaceous earth (DDM) 4 g/10 kg soil was the most effective treatment in this concern which gave 32.00g and 28.11g fresh herb and 21.07 and 12.10 g dry herb/plant Table 2 Galvez et al. (1987) , Savant and Sawant (1995) and Liang et al. (2007) on rice plants. Also data in Table ( 2) showed that, interaction treatments gave mostly the highest fresh and dry weights of mint plants; the treatment of (100% FC + 4 g/10 kg soil) produced the maximum fresh and dry herb in the two cuts and in the two seasons. Plants of these treatments produced 47.47 and 43.51 g fresh herb/plant at the first and second cuts in the first season while in the second season produced 62.35 and 65.87 g, respectively. Herb dry weight/plant values were 35.29 and 18.74 g dry herb/plant for the first and second cuts in the first season and 16.11 and 33.63 g dry herb/plant in the second season at the first and second cuts. However, the differences between the treatments were insignificant.
It is of worthy to emphasize that, a stimulation effect in spearmint growth was observed due to irrigation treatments interacted with DDM application these findings were found to be in harmony with (Savant et al., 1997 , Matichenkov and Kosobrukhov, 2004 and Abdalla, 2010 they reported that the increment in herb weight may be due to Si application to various tested plants which increased the photosynthetic rates through increasing both the photochemical efficiency, the stomata conductance and the net assimilation rate of CO 2 , therefore improved the supply and the content of carbohydrates in treated plants (Matichenkov and Calvert, 2002) . It was noticed that these highest values of fresh and dry herb of mint plant were found to be higher by about 40-50% than the values of control plant under all irrigation treatments.
3-Volatile oil percentage:
Data presented in Table ( 3) showed the effect of irrigation FC, diatomaceous earth (DDM) and the interaction between them on volatile oil of spearmint plants.
Increasing the rates of irrigation (FC) from 25% up to 100% resulted in significant decreases in volatile oil percentage in both cuts in the two seasons. The highest values were recorded when spearmint plants were irrigated at 25% FC. Data in Table ( 3) clearly emphasized that, irrigation gave the main effect on oil production of spearmint plants compared to DDM. Essential oil content (%) showed a decreasing tendency with increasing water field capacity. So, the highest values in this concern were accompanied with irrigation at 25% FC in the two cuts of the two seasons. These results are in accordance to Afify et al. (1993) and Abou Dahab et al. (2010) . These results may be explained through the findings of Penka (1978) and Farahani et al. (2009) , they mentioned that drought stress increases the essential oil percentage of more medicinal and aromatic plants, because in case of stress, more metabolites are produced in the plants and some substances prevent oxidization in the cells.
As for DDM application no obvious effect was detected on volatile oil production of spearmint plants. However, in the first season, it was observed that the application of DDM to spearmint plants at all concentrations varied significantly in volatile oil percentage in comparison with control plants in both cuts. The same trend was mostly observed in the second season for the two cuts. In other words, it could be noticed that volatile oil percentage may be affected by DDM application regardless its concentration. These results are in harmony with Aliabadi et al. (2009) on balm.
As for the effect of the interaction between irrigation and diatomaceous earth, the results showed a significant difference in volatile oil percentage in the first cut in the first season. In the second season the interaction had no significant effect on volatile oil percentage compared with control in both cuts. The highest volatile oil percentage was found mostly in 25% FC interacted with Table 3 
4-Volatile oil yield/plant:
Data in Table ( 3) showed that irrigation had a significant effect on oil yield/plant in the two cuts of the first and second seasons. Increasing irrigation from 25% FC up to 100% FC increased volatile oil yield/plant. The highest values were recorded when spearmint plants were irrigated at 100% FC. The values were 0.643 and 0.384 ml/plant in the first and the second cuts, respectively in the first season. The same trend was observed in the second season; the highest values (0.284 and 0.486 ml/plant) were obtained in case of 100% FC in the first and second cuts, respectively.
As for the effect of diatomaceous earth (DDM) on essential oil yield, it is clear that all treatments had mostly significant effect. Increasing DDM rate from 1 up to 4g/10kg soil significantly increased oil yield/plant in both seasons at the two cuts. The highest values (0.589 and 0.324 ml/plant) in the first season and (0.207 and 0.427 ml/plant) in the second season respectively, were recorded when the plants were treated with DDM at 4g/10kg soil. Table ( 3) pointed out that volatile oil yield of spearmint plant showed an increase in response to interaction treatments in comparison with control. This increase was accompanied with increasing irrigation and DDM rates. The highest values in this concern were 0.979 and 0.489 ml/plant at the first and second cuts in the first season, respectively. While in the second cut at the second season the interaction had no significant effect.
Data in
The increment in volatile oil yield/plant may be due to diatomaceous earth (DDM) which reduced transpiration and increased water leaf content which reflects in increasing photosynthesis. These results are in accordance with Abdalla (2011) on Lupinus albus plant.
5-GLC analysis of essential oil:
The GLC analysis were carried out on the essential oil of Mentha viridis plants of 4 treatments in the second cut of second season,100% FC + 0 DDM, 100% FC + DDM at 4 g/10 kg soil, 50% FC + DDM at 4 g/10 kg soil and 25% FC + DDM at 4 g/10 kg soil. The data were recorded in Table (4) and Figures (1-4) revealed that, Carvone and D-Limonene were the main components.
The major constituents of the essential oil were influenced under all irrigation regimes. It was observed that Carvone content tended to increase up to 62.63 % in case of 100% FC with DDM at 4 g/10 kg soil. Also data emphasized that D-Limonene content tended to increase up to 27.03% under 50% FC with DDM at 4 g/10 kg soil.
6-Proline contents:
The results in Table ( 5) revealed that proline content was affected by irrigation levels. The lowest concentration of proline was found in the spearmint plants irrigated with 100% FC, followed by 50% FC when compared with those irrigated at 25% FC. Numerous studies have shown that the proline content in higher plants increases under different environmental stresses (Laszlo and Arnould, 2009).
As for DDM, it can be noticed that the treatment without DDM (DDM at 0g/10kg soil) produced the highest proline value compared with DDM at 1, 2 or 4 g/10 kg soil.
The interaction between irrigation (I) and DDM significantly decreased proline content. The lowest value was 373.520 µg/g dry leaves when the plants treated with DDM at 4g/10kg soil and irrigated at 100% FC. Silicon increased the protein content of drought stressed plants by increasing protein biosynthesis or decreasing its oxidation which is accomplished by an increase in the activities of certain antioxidant and hydrolytic enzymes as peroxidases (POD), catalases (CAT), esterases (EST) and acid phosphatases (ACP) (Zhu et al., 2004 and Gong et al., 2005) . From these results, it could be concluded that, mint plants were stressed under irrigation with 25% FC. So proline content was higher than those plants irrigated with (50% and 100% FC).
Also, DDM at all concentration used showed beneficial effect in growth as well as essential oil.
It could be noticed that, the highest growth, yield and essential oil was obtained from mint plants grown under 100% FC + DDM at 4g/10kg soil which showed the least stress as the proline content recorded the lowest value 373.520µg/g dry weight. Also, these plants produced essential oil with highest Carvone content 62.63% and D-Limonene of 25.37. This effect may be attributed to DMM application which promoted mint plant growth and mitigated stresses (Gong et al., 2005 and Tahir et al., 2006) .
Recommendation:
It could be recommended to irrigating spearmint plants at 100% FC + 4g DDM/10kg soil in order to obtain highest fresh and dry yield as well as the highest essential oil quantitatively and qualitatively.
